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Abstract 
 
Background: Evidence suggests obesity can have a negative influence on a child’s motor 
development and postural control behavior. Little research has examined the impact of infant 
weight on gross motor behavior, particularly postural control at the onset of sitting.  
Objective: The purpose of this study was to determine whether normal weight and overweight 
infants differed in their postural control strategies at the onset of sitting and one-month post 
onset of sitting.  
Methods: 29 infants (n=19 normal weight, n=10 overweight) were recruited to participate in this 
study. Infant’s length and weight were measured at 3 months of age (visit 1). Infant’s center of 
pressure (COP) was measured on an AMTI force platform at the onset of sitting (visit 2) and 
one-month post onset (visit 3). Data were analyzed using linear measures (range and RMS for 
the anterior/posterior (AP) and medial/lateral (ML) directions, sway path) and nonlinear 
measures (Sample Entropy in AP and ML directions). 
Results: Overweight infants had significantly greater RMS values in the ML direction at visit 2 
and reduced Sway Path values in comparison to normal weight infants at visits 2 and 3. Further, 
there was a significant difference in Sample Entropy as overweight infants increased Sample 
Entropy from visit 2 to 3 while normal weight infants decreased Sample Entropy values during 
this time period.  
Conclusions: These findings suggest that overweight infants adopt a different postural control 
strategy. This altered strategy may limit exploration early in development. More research is 
needed to determine if longitudinal differences continue to emerge. 
 
Keywords: overweight, obesity, postural control, sitting 
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Introduction 
Worldwide, more than 40 million children under the age of 5 are overweight or obese [1]. 
The first year of a child’s life can make a significant impact on their long-term health as rapid 
increases in weight during the first 6 months has been associated with increased risk for obesity 
at age 3 [2]. Furthermore, obese children are more likely to become obese adults [3]. Childhood 
obesity greatly increases one’s risk of high blood pressure, high cholesterol, and type 2 diabetes 
and being obese as an adult is associated with a variety of chronic health problems including 
coronary heart disease and some cancers [4]. Another negative effect of obesity that has not 
received sufficient attention is altered postural control. 
 Research examining the effect of obesity on children’s motor development and postural 
balance has suggested that obesity may limit motor development and postural balance [5,6]. 
Several research groups have identified poor gross motor development in obese children [7-9]. 
McGraw et al., [7] found that obese pre-pubertal boys had greater standing postural sway than 
non-obese boys. Infant motor skill development is also influenced by being overweight and 
obesity. Overweight infants presented with gross motor delays in comparison to normal weight 
infants [10]. In contrast, others have found that even though overweight infants are able to 
achieve sitting earlier, early sitting was unrelated to overall motor development [11]. However, 
there is limited research published about infants in relation to obesity, and more specifically in 
terms of how they achieve sitting postural control.  
 Learning how to sit without support and maintain postural control is a key developmental 
milestone. Once infants are able to sit without support, they have improved opportunities for 
visual exploration as well as the ability to improve fine motor skills through reaching nearby 
items [12,13]. Unfortunately, infant obesity may alter the natural patterns of movement to 
achieve the sitting milestone, which is key in allowing infants to better explore the world around 
them [14]. The attainment of this motor milestone is fundamental to the achievement of other 
developmental milestones, such as running that promotes physical activity, a known factor 
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associated with maintaining a healthy weight [15]. Additionally, research has shown a positive 
relationship between reaching motor and speech developmental milestones and cognitive 
abilities later in life [16,17]. For instance, the earlier a child learned to stand was associated with 
a small increase in intelligence quotient (IQ) at the age of eight [18]. Additionally, a child’s gross 
motor skills have been found to be predictive of working memory and cognitive processing 
speed [17]. During adulthood, a significant linear relationship has been found between the age 
of standing and adult executive function [16].  
The early years are critical to the prevention of obesity, improved cognitive outcomes 
and they are related to long-term health risks [18,19]. Thus, it is imperative to determine the 
earliest point of intervention for identifying those who may be at risk for developmental delays. 
Assessing sitting postural control has been used previously to determine differences between 
typically developing infants and infants who may be at risk for developmental delays [12,20]. 
Sitting posture can be examined qualitatively, by observation, or by investigating the center of 
pressure (COP) trajectories as an infant sits on a force platform. COP data allows researchers 
to objectively quantify postural sway, providing a more accurate view of postural control 
patterns. Patterns of infants sitting posture, through the COP can be explored with two different 
ways: with linear and nonlinear measures of postural sway. Linear measures provide 
information on the quantity of movement, or in other words the amount of postural sway. 
Nonlinear measures provide information on patterns of movement potentially indicating the 
quality of movement [12,21]. Specifically, nonlinear measures allow the evaluation of the 
temporal structure of postural sway time series or how a set of values in a particular distribution 
are organized in time or even across a range of time scales [20].The combination of these 
measures gives us the opportunity to unravel different patterns of organization, which could 
reflect the strategies used to maintain a sitting position. Previously the complimentary use of 
these measures was able to provide a more complete and thorough description of the 
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development of sitting [20,22] as well as the ability and sensitivity to identify progress through 
development and intervention [23].    
Therefore, the purpose of this study was to determine whether normal weight and 
overweight infants differed in their postural control strategies at the onset of sitting and one-
month post onset of sitting. We hypothesized that overweight infants would achieve the motor 
skill milestone of sitting at the same time or later than normal weight infants and that they will 
exhibit increased (linear measures) and very repetitive and rigid (nonlinear measures) postural 
sway during sitting in comparison to the normal weight infants.  
Methods 
Participants  
We recruited 29 infants (19 normal weight, 10 overweight to participate in this study. 
Infants were recruited at three months of age from local baby friendly businesses (e.g., 
pediatricians, WIC clinics), social media (e.g., Facebook), and word of mouth (e.g., family/friend 
recommendations). Exclusion criteria included having a birth defect or congenital abnormality, 
having been born preterm (<37 weeks), a weight-for-length z score <5th percentile 
(underweight), or any other diagnosed medical condition that might affect brain development, 
visual, auditory or motor impairment. Inclusion criteria included typically developing infants < 3 
months of age. Before data collection was initiated, caregivers provided informed consent using 
documents approved by a university institutional review board. Infants were classified into two 
groups based on weight for length z-score [1]. Due to infant temperament during data collection 
(i.e., sitting on the force place for three 10-second trials) 23 out of the 29 infants were able to 
produce useable data for both visits two and three. Thus the two groups included 9 overweight 
infants (<90th percentile) and 14 normal weight infants (>90th percentile). 
Procedures  
Participation involved three visits to a university research lab. Visit 1 occurred at 3-months of 
age (mean age [SD], 3 months, 3 days [11.98] days), visit 2 occurred at the onset of sitting (5 
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months, 3 days (160 [27.15] days), and visit 3 occurred one-month post onset of sitting 6 
months, 5 days (195 [26.24] days). Infants’ anthropometric measurements were completed by 
one of three trained graduate students. Infants were undressed to their diapers by caregivers 
prior to the measurements. In order to classify infants into normal weight or overweight, at the 
first visit weight was measured to the nearest 10 g via a Detecto Pediatric scale. Length was 
measured to the nearest .1 cm via a SECA infantometer [5]. Head and abdominal circumference 
were measured to the nearest .5 and .1 cm, using a standard tape measure. Abdominal 
circumference was measured immediately above the belly button and head circumference was 
measured by wrapping the measuring tape above the infant’s eyebrows and ears.  
To determine postural control, at visit 2 and 3, an AccuSway AMTI force platform was 
used to record infants COP data. Caregivers were asked to contact research personnel once 
their infant was able to sit independently for 10 seconds. Research personnel then scheduled a 
time for caregivers and infants to come to the motor development lab. If research personnel had 
not heard from caregivers within one month of the initial visit a follow-up phone call was made to 
assess sitting status. The researcher then contacted the mothers every two weeks until it was 
confirmed sitting had occurred. To determine independent sitting time at each visit, component 
forces (Fx, Fy, Fz) and moments (Mx, My, Mz) were sampled at 200 Hz based on frequency 
analysis. To collect data, once an infant was calm, they were placed in the sitting position in the 
middle of the force plate. Research personnel held the infant at the trunk, gradually letting go 
until the infant was able to sit independently while the caregiver or other research personnel 
distracted the infant with toys. For safety purposes, the caregiver and research personnel were 
in front of and by the side of the infant to prevent unstable positions such as falling. Data 
collection began once research personnel were able to completely let go of the infant. At this 
time the caregiver or research personnel remained still in order to not divert the infants’ 
attention.  Data were collected continuously while the infant attempted to sit independently and 
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continued until the infant had performed three trials of 10 seconds of sitting. A maximum of 10 
minutes was allowed to obtain these trials. 
Data Analysis 
COP displacements in both the anterior-posterior (AP) and medial-lateral (ML) sway directions 
were calculated from the forces and moments through the Qualisys (Qualisys medical AB, 
Gothenburg, Sweden) software that was integrated with the AMTI (Advanced Mechanical 
Technology Inc, 176 Waltham St, Watertown, MA 02472-4800) force platform. Data were then 
exported in .txt format, which was then used for analysis. Linear and nonlinear measures were 
calculated and averaged from the COP paths of the three sitting trials. Customized MatLab 
software was utilized to calculate the linear measures from the COP data from the selected 
trials, using the methodology of Prieto et al. (1996) [24]. Linear measures included the RMS and 
the range of the COP path in both the AP and ML directions, as well as the sway path (total 
length of the COP trajectory). One nonlinear measure was calculated from the COP paths in 
both the AP and ML directions: Sample Entropy (SampEn). The SampEn was calculated using 
the algorithm of Richman and Moorman (2000)  implemented in MATLAB (Mathworks, USA) 
[25]. This measure is a regularity statistic that quantifies the probability that similar patterns of 
observations in the COP path will not be followed temporally by additional similar observations. 
Statistical Analysis  
 Descriptive statistics were run to describe the samples and dependent variables. An 
independent t-test was used to test whether the age at which overweight and normal weight 
infants achieved the sitting skills differed significantly between the groups.  A mixed way 
ANOVA model (2x2) was used to assess differences in the the postural control measures 
between normal and overweight infants (Group, non repeating factor) at the 2nd and 3rd visits 
(Visit, repeating factor). The p value was set at 0.05 while we also computed the eta squared to 
determine the effect size when appropriate.   
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Results 
 There was no significant difference in the age of onset of sitting between overweight and 
normal weight infants (Table 1). 
<Insert Table 1> 
 
Linear Parameters  
 While there were no significant main effects for Group for RMS in AP, Range in AP and 
ML direction, as well as no significant interaction effects for all linear variables examined (see 
Table 2), there was a significant main effect of Group (F(1,21)=4.41, p=.048, η2=0.17) for RMS 
in ML direction and for Sway Path (F(1, 21)=5.428, p=.03, η2=0.20). Specifically, overweight 
infants presented greater RMS values in ML direction while their sway path trajectory was 
smaller in both visits in comparison to normal weight infants.  
Nonlinear Parameters  
Regarding nonlinear parameters, there was a main effect of Group (F(1,21)=5.49, 
p=.029, η2=0.20) for SampEn in the ML direction but not in the AP direction, and a significant 
interaction effect (F(1,21)=4.651, p=0.043, η2=0.18). Specifically, overweight infants increased 
SampEn in ML direction values from visit 2 to visit 3 while normal weight infants decreased 
SampEn values from visit 2 to visit 3.  
<Insert Table 2> 
Discussion 
The goal of the present study was to determine whether normal weight and overweight 
infants present dissimilar postural control strategies during the development of sitting. Sitting 
posture is an important milestone since it is the first vertical position that a child can achieve to 
explore their surroundings and promote the development of parallel skills, such as cognitive, 
language and social competencies [26-28]. We hypothesized that overweight infants would 
achieve the motor skill milestone of sitting at the same time or later than normal weight infants 
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and present increased postural sway in comparison to the normal weight infants. Our findings 
partly verified our hypotheses. Specifically, both groups of infants started to sit around the same 
age; however, overweight infants adopted a reduced postural sway but an overly flexible 
strategy for controlling their sitting posture in comparison to the normal weight infants, especially 
at the onset of sitting.  
The linear analysis revealed that even though overweight infants presented smaller 
excursions of the COP path in both visits, at the same time, they moved more in the ML 
direction (RMS in ML) at the onset of sitting in comparison to normal weight infants (Figure 1). 
The complimentary nonlinear analysis suggested that this persistence in moving mostly in the 
ML direction at the onset of sitting, is characterized by a more sinusoidal and periodic behavior 
of the trajectory of the COP, which reaches the values of the normal weight infants by visit 3. 
Differences between groups in the RMS and SampEn in the ML direction were mostly different 
by the changes at the onset of sitting, while the reduced postural sway path values were 
persistent in both visits for the overweight infants (Figure 2, 3). Some postural control 
differences between overweight and normal weight infants dissipate, others persist. It is evident 
that overweight infants exhibit different postural control strategies than normal weight infants as 
they acquire the sitting skill. Overweight infants are rather rigid and repetitive (SampEn ML) at 
the onset of sitting to control the additional weight and allow only ML movement (RMS ML). As 
they become more experienced they are able to adapt to the weight constraint and perform 
similarly as normal weight infants, even though they still prefer to overall move less (Sway Path) 
possibly to avoid falling over. More research is needed to determine if these variances result in 
other developmental differences. 
The present findings are not in agreement with other studies that examined postural 
control differences between normal and overweight children. Specifically, these studies 
suggested that overweight children exhibit greater sway path values during standing than 
normal weight children [29,30], while the overweight infants in the present study employed a 
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reduced postural sway strategy during sitting in comparison to the normal weight infants. 
However, it should be noted that we examined a different postural control skill (sitting) and a 
much younger cohort of children (infants). The results of the present study can also be 
compared with others that examined infant sitting postural control. For example, Deffeyes and 
colleagues found that developmentally delayed infants presented less complex patterns in the 
ML direction similar to our overweight infants at the onset of sitting [12,31], which could be an 
indication of the overall gross motor delay that other studies have observed [8,9]. Moreover, 
Kyvelidou and colleagues [32] showed that infants with greater weight presented decreased 
upper body coordination during sitting development in the ML direction, which may be indicative 
of the rigidity and reduced complexity that overweight infants exhibit at the onset of sitting. It is 
possible that the additional weight, forces the infants to choose different strategies to maintain 
the sitting posture. The question that arises is whether these initial changes in sitting posture 
affect the development of other skills and domains such as cognition, play and physical activity 
behaviors. 
Limitations 
Our study as many is characterized by some limitations. Our effect sizes were moderate (eta 
square between 0.17-0.2); an increase in the sample size, particularly data on overweight 
infants, could result in greater effect sizes.  Additionally, as caregivers were asked to contact 
research personnel at the onset of their infant’s sitting (e.g., sit independently for 10 seconds), 
this was subjective to the caregiver’s judgment and may have influenced the findings. However, 
there were no significant differences between the onset of sitting between normal weight and 
overweight infants. Further, weight-for-length may not be the best method for determining risk 
for differing postural control strategies as weight distribution may be an even more important 
indicator. More research could examine the influence of skinfold thickness at different regions of 
the body and the development of sitting postural control. Finally, due to infant temperament six 
infants were not included in the study and inclusion of all infants may altered the findings.  
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Conclusions 
An infant’s ability to achieve motor milestones allows the opportunity for greater exploration of 
their surroundings and improved motor and cognitive development. This study demonstrated 
overweight infants employ a different postural strategy including differences in RMS, sway path, 
and SampEn at the onset of sitting. However, the only difference that remained one-month post 
sitting onset was a reduced sway path. More research is needed to understand if and how these 
differences in postural strategies impact how infants explore their environments and if there are 
longitudinal impacts on behaviors as the infant continues to develop and grow. By having a 
better understanding of this relationship it can be determined if overweight infants are at risk of 
developmental delays and in need of intervention.  
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Table 1 
Infant Demographics. 
  Normal Weight 
n=14) 
Overweight  
n=9 
Weight (lb) 
   Mean (SD) 
 
   14.27±1.68  
 
     16.92±2.06 
Length (cm)                                            
   Mean (SD) 
 
           61.69±2.75 
 
62.79±2.23 
Z-score   
   Mean (SD)      0.13±0.93 1.39±0.88 
Head Circumference (cm) 
   Mean (SD) 
 
     40.8±1.28 
 
42.67±1.88 
Abdominal Circumference (cm)   
    Mean  (SD)      43.78±4.16          47.66±2.80 
Age of Onset of Sitting (months) 
    Mean (SD) 
 
     5.10±26.42 
 
 5.12±28.25 
   
 
 
 
 
 
 
  
 
 
 
Table 2             
Dependent Variables.          
                                          Normal Weight Infants Overweight Infants 
Dependent Variable Visit 2 Visit 3 Visit 2 Visit 3 
  Mean SD Range Mean SD Range Mean SD Range Mean SD Range 
RMS ML (mm) 7.7 3.2 2.6-12.7 8.6 4.2 3.5-15.9 15 10.4 7.2-40.5 8.8 4.9 3.8-18.3 
RMS AP (mm) 9.9 5.1 2.5-20.9 12 10 5.1-46.7 10.3 5.6 1.4-20.6 11.1 8.2 3.3-33.2 
Range AP (mm) 48 21 14.1-89.5 53.7 31.8 21.5-135.1 53.2 18.5 29.4-82.9 54.1 30.6 22.3-123.6 
Range ML (mm) 39.3 15.1 14.2-64.2 43 19.7 17.2-78.2 56.3 20.8 30.7-90.9 43 36.4 21.6-75.6 
Sway Path (mm) 1917.6 383.2 1388.4-2523.5 1767.5 262.1 1415.6-2246.0 1638.5 195.3 1352.3-1959.8 1572.9 226.5 1248.9-2031.3 
Sample Entropy ML  0.3 0.17 .1 -.6 0.2 0.1 .1-.4 0.1 0.4 .1-.2 0.2 0.1 .06-.4 
Sample Entropy AP  0.3 0.18 .1 -.7 0.3 0.2 .02-.9 0.3 0.4 .06-1.3 0.2 0.2 .04-.7 
             
  
 
 
 
Fig. 1. Mean RMS-ML 
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Fig. 2. Sway Path 
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Fig 3. Sample Entropy ML 
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